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FORM-CLASS VOLUME TABLES FOR PONDEROSA PINE, DOUGLAS-FIR, 
Ly AND WHITE FIR IN CALIFORNIA ’ 


Introduction 


Presented in this Research Note are form-class tables for 
imating the volume in board feet, Scribner Rule, of ponderosa pine, 
las-fir, and white fir in California. This single series of tables 
1l three species within acceptable limits of error. It is hoped 
‘this series may satisfactorily replace the many existing tables for 
le species, both old growth and young growth, and for various sites. 


in 


+ 


The wider application of sales by tree estimates in the national 
0 ests of California raises the need for more accurate volume tables. 
@ now available are based on the two variables, d.beh. (diameter 
st high) and height. The limitations of such tables become especially 
icel in small sales of a few trees. For this purpose variation in 
estimates of individual trees must be reduced to a minimum. 
; 


A third variable, form class, to measure the shape of the tree has 
| included in the present tables to improve individual tree estimates. 
uch improvement unfortunately incurs increased difficulty in applying 
he tables. This difficulty arises from the need for accuracy in deter- 
mining form class itself. Unless form class is carefully determined, its 
introduction accomplishes no improvement in volume estimates. 


\ Definition of Form Class 


_ Several form factors such as the "form quotient” and "form point" 
f been proposed by foresters over a long period. Possibly the best 
realized expression of tree form was developed by C. E. Behrel/ . Like 
of the other measures, however, it required determining stem diameter 
or above the mid-section of the bole -- an impracticable operation in 
arge western timber. More than fifteen years ago James Girard,*/in the 
course of work in the Forest Service, developed and tested the very con- 
venient and useful form index adopted as the basis for these tables. 


rT Girard's form class is defined as the percentage ratio between the 
b. (diameter inside bark) at the top of the first log and d.b.h.o.b. 
side bark). This concept of form-class has increased in popularity 
ecause of three important advantages: (a) the top of the first log is 

close enough to the observér to admit estimating or measuring the top 
diameter; (b) the reference diameters are near enough to the ground to 
“8 measure of butt swell -- a serious problem with other indices; and 
differences in bark thickness between species are taken into account 
| their effect on taper is partially eliminated. 


and 
cS a 


a 
Distribution of Form Class in Forest Stands 


E The distribution of form class in California forests is unknown. 
information is needed when attempts are made to localize volume tables 
jing the average form class of local stands. Factors possibly affect- 
verage stand form class are the distributions of diameters, age classes, 
S, crown classes, group densities, and sites. Until the influence 

e factors are better known, average form classes should be used 

: caution. For the present, differences related to diameter and species 

em Obvious enough to warrant special consideration. 


Behre, C. E. 1927. Form class taper curves and volume tables 
rapplication. Jour. Agr. Res. 35:673-744 


2/ Girard, James W. 1933. Volume tables for Mississippi bottom- 
dwoods and southern pines. Jour. Forestry 31:34-41. 
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Figure 1 (page 122) illustrates the relation of form class to 
d.b.h. for the sample trees used in these tables. There is considerat 
difference in the shape and levels of the curves for the three species 
The average form classes of the samples are, ponderosa pine 81, Dougla 
fir 74, and white fir 75. 


It should be remembered that the sample providing these curves 
does not represent complete stands but only the trees cut in logging. 
There is some evidence, however, that curves for complete stands may 7m 
differ greatly. Such evidence came from an area of 74 acres of high 
site quality sugar pine-fir old growth in the Stanislaus National Fore 
where cutting was heavy enough to include representatives of all tree! 
in the stand. The form class-d.b.h. curves for this tract have essen 
tially the same shape and placement as those from the volume table da’ 


Another point brought out for this Sy ore stand is that for 
class variation between Region 5 tree classe 3 may be adequately expre 
by d.beh. alone. ‘ 


Description of Tables 


An unusual feature of these tables is inclusion of tree volumes 
both to a fixed top diameter of 10-inches and to average utilized top 
as well as volumes for each log in the tree. This combination has bee 
found particularly useful by the Forest Service in California. 


The taper curves on which the volumes are based were derived 
500 ponderosa pines. The trees range from 18 to 74 inches in diameter 
and from 3 to 13 logs in height. (The log diameters of one=- and two= 
trees are defined by form class and the 10-inch top.) Form class varie 
between 64 and 94. The sample trees covered a site range from I-175 % 
Tv-100.4/ Taper curves were prepared graphically from the sample tree 
measurements. 


Tne tree volumes were determined by adding the scale of logs of 
dimensions read from the taper tables. The log volume formula, j 
V = -79D“ = 2D - 4, which closely approximates the Scribner Rule, was 
used. Values were rounded off to the nearest 10 board feet. The res 
vary somewhat from the standard Scribner Decimal "C" rule, but the di 
ences are unimportant. 


A table for each form class from 65 to 90, inclusive, gives the 
volume by individual 16-foot logs with 0.3-foot trimming allowance, and 
stem volume between a 1.5-foot stump and 10-inch top. Separate colume® 
show tree volumes to average utilized top and the numbere of loge utilil 


Utilized top averages are based on data collected by the Caliform 
Region of the Forest Service in 1945, and are therefore representative | 
of average practice in national forest timber sales. Small differences 
between species and sales were disregarded. The utilized top averages 
were read from the single curve for ponderosa pine, sugar pine, Doug 
fir, and white fir shown in Figure 2 (page 122). 


37 Dunning, Duncan. 1926. A tree classification for the selectl 
forests of the Sierra Nevada. Jour. Agr. Res. 36:755-771. 


4/ Dunning, Duncan. 1942. A site classification for the mixed=" 
conifer selection forests of the Sierra Nevada. California Forest and 
Range Expt. Sta., Research Note No. 28 Berkeley, Calif. 
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will be noted that, for some small-diameter, one-log trees in 
form classes, the tables show utilized volumes but no volumes 

e 10-inch top. This apparent anomaly occurs because average util- 

yp becomes less than 10 inches for trees less than 17 inches d.beh., 
a minimum of 8 inches for 12-inch trees. Such trees may have a 
‘oot log to utilized top but fail to meet the requirement of at 
one 10-inch log. In these tables a tree is not merchantable unless 
produce at least one 16-foot log to either the 10-inch top or the 
top. : 


Another point requires explanation: for the shorter trees in each 

ass, the utilized volumes exceed the fixed-top volumes even though 

d length is less than the number of logs to 10 inches. This results 

m the scaling procedure applied to the fractional top logs in the util- 

meth. Standard practice requires that logs more than 16 feet long 

ed as two logs. Since the Scribner Rule makes no allowance for 

; logs with rapid taper will scale appreciably higher as short logs 
16-foot logs. 


Aggregate differences between tabular and scaled volumes of the 
trees are low -- 0.46 percent for ponderosa pine, 1.27 percent for 
=fir, and 0.53 percent for white fir. Differences between indivi- 
tree volumes and the table values are also pleasingly small. The 
dard deviations of the differences for individual trees are: 


Ponderosa pine ..e..-.. 5.7 percent 

Douglas-fir ......+... 5635 percent 

White fir ......e.e... 4.2 percent 

A 

These standard deviations correspond to average deviations of 
mately 4.6, 4.2, and 3.4 percent respectively. These differences 


sually low and indicate close agreement between the tables and the 
trees. 


‘Relatively low aggregate errors by localities are another indication 

these tables adequately fit the basic data. The maximum locality 

or all three species was 4.0 percent, for one group of 12 ponderosa 
S Aside from this group, ponderosa pine had a maximum error 

f percent. Douglas-fir and white fir had maximum errors of 2.4 and 

ent respectively. Table 29 (page 121) lists the aggregate errors 

ies and localities. 


Figures 3, 4, and 5 (pages 123-5) show individual tree deviations 
Wer d-be-h., log height, and form class. No important trends with 
these factors are evident. 


Application of Tables 


Accurate estimation of form class is the key to the success or 

f form-class volume tables. The diameter at breast height should 
ed with a tape. The diameter at the top of the first log should 
ed or estimated, outside bark, at 17. feet above average ground © 
6.5-foot log plus 1.5-foot stump). This log diameter can then be 
d to inside-bark dimensions by deducting bark thickness appropriate 
h. as given in Table 28 (page 120). ‘The ratio with d.b.h., 
class, can then be computed. 


Estimating Form Class 


Although experienced individuals may become adept in the ocul 
estimation of tree form, very few develop the proficiency necessary 
capitalize the advantages of form-class tables. In tree-estimate 5s 
involving small numbers of trees, the form class must be determined 
within narrow limits to avoid serious errors. The volume change t 
tween form classes ranges from 2 to 3 percent, whereas the diameters 
involved may change only a few tenths of an inch. If the form facte 
of a tree or the average for a sample is missed by’ one class or mor 
the form-class table may be less reliable than the ordinary diameter 
height table. Measuring the form diameter (d.i.b. at top of first ] 
is preferred to making ocular estimates but is not easily done. f 


As yet no simple, easily used instrument has been developed | 
measuring form class. Three devices have been tested thus far in OI 
ornia, but all of them gave biased results. Further attempts are bi 
made to develop an instrument free from the faults of these devices: 
The best procedure now known involves estimating taper of the first 
by using a plumb bob. 


The following excerpt from the Manual of Instructions®/for . 
Forest Survey in California describes this method. 


"To determine form diameter, estimate the taper outside bar 
from breast height to the 16.3' point and deduct this amount 
from d.b.h. 


The procedure is as follows: 


"(1) Use the Biltmore stick to locate the 16.3' point above 
stump height and a plumb-bob to estimate taper. 


"(2) On slopes the estimator should stand uphill from the 
at a distance which will bring his eye approximately on a 
level with a point midway between breast height and the uppe 
point designating 16.3'. On level or gently sloping terrain 
the estimator should place himself at eae distance of about 
chain from the tree. 


"(3) Hold the plumb-bob string tangent to the circumference ab 
one edge of the tree at the upper point. Observe where the 
string intersects the trunk at breast height and estimate the 
distance from this point to the edge of trunk outside barks 
This measurement represents the taper on one side. Repeat 
the procedure for the opposite side of the trunk. Add the @ 
taper measurements and deduct the total from d.b.h. The resul 
is the diameter outside bark at the 16.3' point. If the taps 
is not regular for all sides of the tree, make two determina= 
tions at right angles to each other and average the results.” 


A very satisfactory portable plumb-bob can be made from a 3 or 
4 ounce fishing sinker and line. We suggest the use of this method ff 
ectimating the form class of standing trees in the absence of an easa 
way. Leaning trees should be avoided in sampling for average form ch 
When form class of such a tree is desired, taper should be measured & 
the plane of inclination. 


5/ Division of Forest Economics. 1947. Manual of Instruc 
Inventory Phase, Forest Survey-California. California Forest and 
Expt. Sta., Berkeley, Calif. y 


A knowledge of bark thickness at the top of the first log is 
: in estimating tree form class. Table 28, (page 120) shows 
g bark thickness for the three species considered here. The 
. are for average double bark thickness as related to d.beh., 
inches and in percent of d.b»h. If the first log diameter 
jie bark is estimated in either inches or percent of d-behe, the 
provides corrections for determining form classe 


for Form Class 


‘The number of sample trees necessary for a useful species form- 
average proves to be somewhat larger than expected. Assuming 

the estimate of volume is desired within 2 or 3 percent of the true 
, the form-class average must be within one class of the true ave- 
say 19 out of 20 times. To attain this standard of reliability in 
ume estimate, 75 to 150 sample trees are necessary. 


For small sales in valuable timber -- say, 150 trees or less -- 
form class should be estimated for each tree. For larger sales or 
s, average form class may be determined for each species and dia- 
class from sample trees representative of the diameter range. Por 
estimates, the mean diameters for the species can be determined 
the tally; th. average form classes for these diameters then may 
id from Figure 1; and the appropriate form-class tables may be 
sted for computing the cruise. Using general species form-class 

es for the crise is justified only when sampling has revealed 

md of form class with diameter. 


ance of Utilization Standards 


In addition to accurate determination of form class, the utili- 
standards of the tables must be strictly observed, and care must 
fen to enter the tables with the proper height class, in full logs 
2 10-inch top. Fractional heights of 0.5 log or less are thrown to 
xt lower log class; those 0.6 or larger to the log class above. 
‘example, a tree 8.5 logs to 10 inches is considered an 8-log tree, 
is one of 8.6 logs is classified as a 9-log tree. This reference 
classification applies to both the fixed-top volume and the 

sed volume. 


; The fixed-top height classification was selected after considerable 
sion with experienced cruisers. Three important advantages are 
bed to the constant diameter reference point: 


“1. It is easier to locate a fixed top diameter than diameters 

varying with d.beh. and form class. 

2. Tables based on a fixed top can be easily adjusted to other 
standards of utilization, by interpolating between logs, or by 

dropping logs. 


3. The volumes to the 10-inch fixed top closely approximate 
volumes utilized on recent national forest sales. 


Ws errors in cruising often result from improper height classifica- 
The majority of complaints about volume tables are traceable to 

to classify trees in the field by the method used in making the 
2 Errors of this nature may be as much as 15 percent or more. This 
f error is serious because a false rate of taper is assigned to the. 
the improper height. 


-vV- 


For small sales of a few trees or small cruising jobs, the height) 
of each tree should be recorded. For large sales or large cruises 
height-d.beh. curves for each species can be used by measuring heights 
of sample trees representing the diameter distribution. These may be 
the same trees measured for the form-class curves. 


Localizing the Tables 


To correct the tables for local differences in top utilization th 
average number of logs utilized should be determined according to d-beh 
and height classes to 10-inch top from plotted curves. By subtracting 
volumes for full logs or parts of logs, obtained by interpolation, a new 
table of utilized volumes can be prepared to suit the local situation. 
Such adjustments should be derived from the 10-inch-top volumes. The © 
utilized volumes take into account fractions of logs and, owing to the 
scaling procedure, are not easy to change to new standards. 


In general, adjusting volume tables for local use should be dirg 
toward adapting them to logging operations with special utilization stan 
dards, to special cruises, or to sales where marking rules result in a 


population of trees concentrated in portions of the size range. The ine | 


creasing tendency to prepare special tables for geographi¢ localities is 
likely to prove unprofitable unless a sound sample of local data indicate 
a real need for special tables. What constitutes an adequate sample fo 
a locality is still unkmown. However from indications of the variabilit 
of form class shown by the data used in these volume tables, a minimum 


of 100 trees will be required for a single-species form class over d.beht 


Curvee 


It will be noted that taper tables in the conventional form have 
been omitted. Log diameters in inches can be derived readily from the 
log volumes by reference to the Scribner Rule reproduced here as Table 
27 (page 119). 


Application to Other Species 


When these tables were begun it was hoped that they might be madé 
applicable to all commercial trees in the California pine region. This 
did not prove feasible, however. When the tables were tested against 
other species than ponderosa pine, Douglas-fir, and white fir, larger 
aggregate errors appeared, as well as definite trends of deviations witl 


d.ebehe, height, and form class. Although the aggregate errors were rela= 


tively small -- 2 or 3 percent -- the fact that the deviations are corr= 
elated with d.beh., height, and form class, makes the tables unsuitable. 
Another series of tables is being prepared for sugar pine and red fir. 


| 


FORM-CLASS VOLUME TABLES 


Form Classes 65 to 90 


Prepared from form class taper tables. 

Jolume by Scribner Rule (tens). 

Height classification: Number of 16.3-foot logs to 10-inch top d.i.b. 
tump height: 1.5 feet 

geregate deviations: 

Ponderosa pine (500 trees): Table 0.46 percent high 
Douglas-fir (383 trees): Table 1.27 percent high 

White fir (331 trees): Table 0.53 percent low 


Standard deviation of individual tree deviations: 


Ponderosa pine: 5.7 percent 
Douglas-fir: 5-5 percent 
White fir: 4.2 percent 


Table 1--Gross volume of logs and trees 
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Table 1--Continued 
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Table 1--Continued 
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Table 2--Gross volume of logs and trees 
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Table 2--Continued 
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Table 2--Continued 


Utilized 
length 
16 ft. 
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Table 3--Gross volume of logs and trees 
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115 116 
121 122 
127 128 
13h 134, 
140 142 
147 148 
154 155 
161 162 
168 169 
176 176 
183 18), 
191 192 
199 200 
207 208 
215 216 
223 22h, 
232 233 
2,0 el 
29 250 
258 259 
267 268 
277 278 
286 287 
296 27 
305 306 
315 316 
325 326 
336 337 
36 37 
357 358 
367 368 
378 379 
389 390 
39 39 399 4,00 Loe 


Table 28.-Double bark thickness at top of first log, 
by dbh classes. Bark thickness expressed in inches | 
and as percent of dbh o.b.(form class units). 
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Table 29. - Aggregate errors, average d-beh., and form class - 
by localities - for ponderosa pine and for Douglas-fir and 
white fir applied to ponderosa pine tables 


PONDEROSA PINE 


B : : Total volume : Aggregate 
Locality and year : Now : sAve. : to 10-inch top : difference 
collected : of tAve. :form : : : board: 
| : trees:d.behe:class: Trees : Table +: feet:Percent 
| bd.ft. - tens tens 
Modoc N.F.-1930 75 28.5 WAS) 9,813 9,555 258 2.70 
Shasta N.F.-1911 28 2561 78 2,168 2,128 40 1.88 
Plumas N.F.-1911 183 28.6 WE) eer ASA e) STH 2050 
| Quiney-19224 SruaivOlivdea 7A 217 Geo. 8 =i -1.36 
Tahoe-191 12 20.9 {i 575 599 -24 -4.00 
Stanislaus N.F.-1909 151 41.1 83 69,336 70,980 -1644 2.52 
Stanislaus N.F.-1910 8 47.8 87 5,607 5,499 108 1.96 
Stanislaus N.F.-1911 38 51.9 84 $1,525 51,417 -92 -0.29 
Total 500 34.0 81 148,337 149,021 - 684 -0.46 
DOUGLAS - FIR 
{ Tahoe N.F., unknown 152 33.1 74 30,267 30,602 -335 -1.09 
Plumas N.F.-1911 73 2967 74 9,714 Sei tas = Sin -0.58 
Plumas N.F.-1924 33 34.8 74 5,963 5,941 22 0.37 
Shasta N.F.-1913 126 31.8 (ioe LOSS 20; Os 4728 -2.35 
Total 384 S202 74 65,581 66,423 -842 -1.27 
WHITE FIR 
Stanislaus N.F.-1924 83 36.0 165) 213286 21,009" 277 1.32 
“Plumas N.F.-1924 73 41.1 74 21,708 21,763 ~ -55 -0.25 
- Tahoe N.F.-192 114 30.5 TZ L208 2805 79 0.62 
MeCloud-19054 61 22-9 78 5,142 5,123 19 0.37 
Total 331 32.8 75 61,020 60,700 320 0.53 
V Second-growth trees. 
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Fig. |- Average form class by d.b.h. of the sample 
trees used in preparing the volume tables. 
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Fig. 2 - Average top utilization by d.b.h. classes on 
Forest Service timber sales in California in 1945. 
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PONDEROSA PINE VOLUME DEVIATIONS 


NUMBER OF TREES 
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Fig. 3 — Difference between tabular and scaled volumes 
to 10 inch top, of individual ponderosa pine trees, 


grouped by log height, d.bh., and form class. 
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DOUGLAS-—FIR VOLUME DEVIATIONS 


NUMBER OF TREES 
27 94 
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Fig. 4- Difference between tabular and scaled volumes 
to 10 inch top, of individual Douglas-fir trees, grouped 


by log height, d.b.h., and form class. 
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WHITE FIR VOLUME DEVIATIONS 
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Fig. 5 — Difference between tabular and scaled volumes 
to lO inch top, of individual white fir trees, grouped by 
log height, d.b.h., and form class. 
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